The geographic range analysis of 59 species of the family Vespidae (Hymenoptera) of northern Mongolia was performed using published sources and our own data. The longitude-latitudinal approach is supported for the chorological division. Chorological component of vespid fauna of northern Mongolia is mainly composed of Palaearctic polyzonal and sub-boreal species associated especially with sub-boreal semi-humid and sub-boreal semi-arid landscapes. Northern Mongolia together with Trans-Baikal region act as barrier to the latitudinal and longitudinal distribution of vespid wasps, and it can be called, as the BaikalMongolian faunal barrier. Four sub-endemic vespid species, Onychopterocheilus turovi (Kostylev, 1937) , O. kiritshenkoi (Kostylev, 1940), Ancistrocerus rufopictus (Kostylev, 1940), Eumenes transbaicalicus Kurzenko, 1984 were defi ned to Mongolia.
Introduction
The Vespidae is a very diverse and widely distributed family of Hymenoptera. According to Carpenter (1982) , the family includes six subfamilies, which represent diff erent levels of social organizations. Despite of great diversity and wide distribution, the family refers as poorly studied (Carpenter & Cumming, 1985) . Nowadays, the family contains 4169 described species (Carpenter, 1991) . The majority of species belong to the subfamily Eumeninae, with more than 180 genera and 3000 species.
Previous studies (Morawitz, 1885; Kostylev, 1940a, b; Kostylev, 1935a Kostylev, , b, 1937 Giordani Soika, 1970 , 1976 Kurzenko, 1977; Eck, 1984; Gusenleitner, 1991; Dvorak & Castro, 2007; Castro & Dvorak, 2009 , 2010 and our latest studies (Buyanjargal et al, , 2014 , 2015 suggest that there are 100 species of vespid wasps, which belong to 26 genera and 4 subfamilies, in Mongolia. Sixty one out of 100 species, which belong to 17 genera 3 subfamilies are recorded within the Orkhon-Selenge depression in northern Mongolia (Buyanjargal, 2016) .
The range analysis of the family is rarely conducted and only partially mentioned in few 22 articles (Kurzenko, 1978; Amolin, 2009; Fateryga, 2010; Abasheev, 2012) .
The purpose of this study was to identify geographical features of vespid wasps and analyze chorological components of the fauna in northern Mongolia in details with illustrations. In order to achieve this goal, following objectives were set up:
-Determine longitudinal and latitudinal ranges of species -Arrange the ranges in groups -Illustrate representative ranges of groups in a map -Characterize specifi cs of species ranges of the studied region
Materials and Methods
The species (Table 1) used for the range analysis are cited from the latter summarized work (Buyanjargal, 2016) for northern Mongolia. Numerous studies have been done on chorological classifi cation of diff erent animal groups (e.g. Lindroth, 1956; Coope, 1970 Coope, , 1977 Sergeev, 1981 Sergeev, , 1986 Belyshev, Kharitonov, 1981; Bayartogtokh, 2011) . Unfortunately, there is no unifi ed approach and apparently that is impossible, because of their diff erent biological features and specifi c forming stories. Most of the researchers follow longitude-latitude (latitudelongitude-altitude) constructing scheme of chorological division (Gorodkov, 1984; Sergeev, 1986; Khobrakova et al., 2014.) .
The latitudinal groups of ranges are the group of species with a similar arrangement of boundaries in relation to the geographical zones and subzones. Combining species in these groups refl ect their affi nity with respect to temperature, moisture, the general characteristics of soil and vegetation, and the characteristics of the natural latitudinal zones (Sergeev, 1986) .
The longitudinal group of ranges allocated based on the ratio of species to the borders of the western, central and eastern sectors of the Palaearctic Region (Gorodkov, 1984; Sergeev, 1986) .
Chorological analysis of vespid species of northern Mongolia was conducted on the basis of principles set forth in the works of Gorodkov (1984) , Sergeev (1986) , Emelyanov (1974) , Isachenko (1985) . A few more chorological groups were created for Mongolia. Published data on the distribution of vespid wasps were used, mainly on Palaearctic species.
Results
The geographical distributions of all known species of vespid wasps of northern Mongolia were summarized. This information allowed us to build the hierarchical system of longitudinal and latitudinal ranges of each species, and species were divided into supergroups, groups and subgroups based upon their ranges (Table 2) . Each division was considered as follows I. Supergroup of Cosmopolitan polyzonal species Species which included in this supergroup are distributed all over the world. In northern Mongolia, the supergroup is represented by two species (3.4 %) of the genus Vespula (V. germanica, V. vulgaris). These species were accidentally introduced in North and South America, Australia, New Zealand and South Africa (Yamane et al., 1980; Archer, 1989; Carpenter & Kojima, 1997; Kurzenko, 1995 Kurzenko, , 2004 . Therefore, we considered modern range of these species as Cosmopolitan.
II. Supergroup of Holarctic species
This supergroup is represented with 7 species (11.9%), which are common throughout the Holarctic Region. Three species represent diff erent genera of the subfamilies Vespinae (D. norwegica, V. austriaca and V. rufa), and the latter species is distributed mainly in the Nearctic and Palaearctic Regions, but it may occur in part of the Indo-Malayan Region. The other four species represent three genera of the subfamily Eumeninae (A. antilope, A. parietum, G. laevipes and Ps. herrichii) . These species represent two latitudinal groups: D. norwegica is a boreal species, while the other species are polyzonal.
III. Supergroup of Palaearctic species This supergroup consists of species that inhabit the entire Palaearctic Region and is divided into 6 groups (Table 2) 1. Group of Transpalaearctic species. The group comprises of species that are distributed in much of Eurasia and often North Africa. Besides, it includes the species, which also recorded in IndoMalayan region (e.g. Eu. notatus is recorded from Vietnam and Thailand), and the eastern part of the central Africa (P. gallicus is found in Ethiopia). Distribution of Transpalaearctic species suggests that they can fi nd favorable conditions in the areas of both the oceanic and severe continental climates. The group includes 10 species (16.9%). Most of them (D. media, D. sylvestris, A. nigricornis, A. trifasciatus, A. oviventris, E. coarctatus, Eu. quadrifasciatus, Eu. notatus) are widely distributed throughout the boreal and sub-boreal zones, as well as some species penetrate to south down to northern part of subtropical zone. To the north, they are limited to the northern boundary of the boreal forest, although some species (e.g. D. media) penetrate to the tundra. It indicates that polyzonal species tolerate relatively wide regime of temperature and humidity. Other two species (Eu. dantici, P. gallicus) are distributed within the subboreal zone.
2. Group of Transeurasian species. Representatives of this group are distributed from the western to the eastern borders of Eurasia. This group includes 14 (23.7%) species, and most of them (D. dufourii, E. punctatus, S. angustatus, A. parietinus, A. scoticus, St. orenburgensis, D. saxonica) are widely distributed throughout the boreal, subboreal zones and northern part of subtropical zone. Some representatives (S. fuscipes, O. alpinus, St. clypeopictus, St. punctifrons, E. pedunculatus, A. ichneumonideus, P. albellus) of the group are distributed only in sub-boreal, semi-humid landscapes in Eurasia, and only occasionally penetrate into boreal zone. To the south, the species range reaches to the northern border of steppe. This suggests that the species are relatively drought resistant and can tolerate higher temperatures in summer.
3. Group of Transasian species. This group consists of a single species, St. pullus, whose range can be regarded as Transasian disjunctive sub-boreal semi-humid. The species currently known from two isolated regions. One is southwestern part of Asia (central and eastern Turkey) and the other one is north Mongolia, south Trans-Baikal and to the east it reaches to the north of the Korean peninsula (Fig. 1) . The exact boundary of the range is unknown in some areas, so they are marked by dotted lines in the fi gure.
4 To the east they do not distribute beyond the Great Khyangan and southeastern Mongolia, and to the west they distribute beyond the Caspian Sea and the Caucasus. To the north some species penetrate into Trans-Baikal (On. eckloni, Pt. sibiricus, E. mongolicus), and to the south their distribution reach to Tien-Shan mountains (E. affi nissimus; Fig. 2 ). In relation with the latitudinal range, their distributions are limited in semi-arid and arid zones (steppe and desert steppe). It shows their termophilic and droughtresistant character.
B. Subgroup of Mongolian species. The subgroup includes 4 species (6.8 %). One of them is E. transbaicalicus which occurred in sub-boreal semi-arid landscapes (steppe) of Mongolia, western Trans-Baikal and Manchuria. The ranges of the other three species are limited to the southern Mongolia and northern China (Fig. 3) . In relation with the latitudinal range they preferred to sub-boreal semi-arid (A. rufopictus) and sub-boreal extra-arid (On. turovi, On. kiritshenkoi) zones.
6. Group of Central and Eastern Palaearctic species. This group includes species that distribute Figure 1 . Geographical range of Transasian disjunctive, sub-boreal semi-humid species Stenodynerus pullus Gusenleitner, 1981 .
from the Pacifi c Ocean to the various natural barriers in territory of Southern Siberia in the west. These species require high precipitation in summer. The group divided into 3 sub-groups, in which the western border of their range ends in the region of lake Baikal and the Russian Altai. Here referred 9 species (15.3%; Table 2 ). А. Subgroup of Baikal-Northeast Asian species. The subgroup includes only a single species, A. hangaicus (1.7%). It was recorded from Magadan, Baikal region, south TransBaikal and Northern Mongolia (Fig. 4) . It will probably be found in other parts of Siberia. The species lives in habitats of forest and foreststeppe zones and in Mongolia penetrating into the steppe zone.
B. Subgroup of South Siberian-coastal species. In this subgroup, two species are included (3.4%; A. mongolicus, S. lucens), which were recorded from the Russian Altai in the west to the Amur region, Sakhalin and Japan to the east (Fig.4) . The distribution of A. mongolicus is limited with sub-boreal semi-arid zone, whereas S. lucens -boreal zone.
C. Subgroup of Baikal-Far Eastern species. The subgroup consists of 6 species (10.2%) that spread from Trans-Baikal and Mongolia to the Amur region and Japan to the east (fi g.5). Two of them, Al. mandschuricus and E. rubrofemoratus are occurred more south, and in the north they do not reach the Trans-Baikal region. The Baikal-Far Eastern species are mainly related to the boreal (E. septentrionalis, P. riparius, E. rubrofemoratus) and subboreal semi-humid (P. snelleni, Al. mandschuricus) zones. However, O. cuneiformis is common in the sub-boreal semiarid zones.
The chorological component of the vespid fauna of northern Mongolia is very diverse, composed of Cosmopolitan, Holarctic and Palaearctic species in combination with diff erent latitudinal groups.
Among the Palaearctic species, as expected, sub-boreal species associated especially with (Kostylev, 1940) and O. turovi (Kostylev,1937) ; ----part of the border of range which are not clearly established.
sub-boreal semi-humid (steppe) (P. nimpha, S. fuscipes, St. clypeopictus, St. punctifron, St. pullus, E. pedunculatus, Al. mandschuricus, P. snelleni, P. albellus, A. hangaicus, A. ichneumonideus, O. alpinus) , and sub-boreal semi-arid landscapes (desert-steppe) (Ps. augusta, E. tripunctatus, E. mongolicus, K. tauricus, E. affi nissimus, Pt. sibiricus, Ps. przewalskyi, On. eckloni, E. transbaicalicus, A. rufopictus, O. cuneiformis, A. mongolicus, Eu. dantici) were large in number. Explanations: ---range of Ancisrocerus mongolicus (Kostylev, 1940) ; ----part of the border of range which are not clearly established; + -recorded points of Ancistrocerus hangaicus Kurzenko, 1977. Semi-arid species mainly belong to Western and Central Palaearctic, and Central Palaearctic groups. One of the sub-boreal species, Eu. dantici is unlike the others, has very wide longitudinal range and is distributed almost throughout the Palaearctic and many sub-boreal landscapes from humid to extra-arid.
Polyzonal species were represented with large numbers (about 42.0%), most of which have wide ranges (Cosmopolitan, Holarctic, Transpalaearctic), however in Mongolia they are avoid from extra-arid landscapes. Only few subboreal arid (P. gallicus, Eu. caspicus) and extraarid (On. turovi, On. kiritshenkoi) species penetrate into northern Mongolia (6.8%).
Discussion
Geographical range analysis of vespid wasps shows very important role of the region together with neighboring regions in animal distribution. Clearly, northern Mongolia together with TransBaikal region act as important barrier in the spread of vespid wasps. It can be called, as the BaikalMongolian faunal barrier. Thus, we have expanded the known Baikal faunal barrier, which based in diff erent groups of animals (Shilenkov, 1999 (Shilenkov, , 2000 Dorzhiev, 2000; Khobrakova et al., 2014) as Baikal-Mongolian one.
The signifi cance of this barrier for vespid wasps is very noticeable. Territory of Mongolia acts as an eastern outpost for the Western and Central Palaearctic and Central Palaearctic sub-boreal semi-arid and arid species, which are not found beyond the Great Khyangan, due to the strong change of the environmental condition.
The same can be said about the Central and Eastern Palaearctic boreal and sub-boreal species with only diff erence that the western frontiers of their range end up in the region of Baikal and northern Mongolia, only certain species distribute a little to the west along mountain corridors. A particular interest is the range structure of two species, St. pullus and A. hangaicus.
The characteristic distribution of Transasian disjunctive sub-boreal semi-humid species, St. pullus, recorded from Turkey and across thousands of kilometers to the east in Mongolia and the Amur basin, is may indicate its relict origin. In Mongolia, this species was recorded in riparian forest and bushy meadow. As some other species of this ecological group of terrestrial animals, the disjunctive range of St. pullus might have remained during the glaciation period in the Pleistocene.
Also noteworthy is the long distances between ranges of second species, A. hangaicus, attributing to us sub-boreal semi-humid species of BaikalNortheast Asian subgroup. In Mongolia, this species recorded in bushy meadow in the southern Khangai region. It should also be mentioned that the species might be poorly studied, though the distance between the two ranges, Baikal region and Northern Mongolia, on one hand, and the northern coast of the Okhotsk Sea (Magadan) on the other hand, in the thousands of kilometers. The lack of exact point of records of A. hangaicus in Eastern Siberia and Northeastern Asia, the vast territory between the two recorded regions clearly show that this is not mountain species. This suggests there is a discontinuity of its range, which occurred probably in the Pleistocene period.
In addition, together with Mongolia the Trans-Baikal serves as an arena of latitudinal barrier for boreal and arid species. Presence of boreal species gradually decreases from the north to the south, which are mainly boreal-montana species related to mountain forests. Further, to south in central Mongolia (southern branches of the Khangai and Khentii mountains), these species are not encounter because of the disappearance of forests. A few sub-boreal semi-arid species reach to the Baikal to the north, and they can be found further north of the lake in the form of relicts.
Arid species from the south to the north by low mountains penetrate into the northern Mongolia, and only few species are possible to distribute further north in the Trans-Baikal region.
High representative of polyzonal group in the fauna suggested that fi rst, the northern Mongolia is characterized as southern outskirts of the natural transition zone between boreal to subboreal in geographical position, and the second, the environmental condition of the region is very diverse, which is defi ned by not only geographic position, but also complex orographic features.
Another feature of vespid fauna of Mongolia is the presence of sub-endemics (E. transbaicalicus, A. rufopictus, On. turovi, On. kiritshenkoi), though in small numbers, which are countered in semiarid and extra-arid landscapes.This indicates that territory of Mongolia acts as a center of species origination for a number of vespid wasps.
